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The ANVIS Head-Up Display: 
An Analysis of its Application to Naval Helicopters 

by 

Lieutenant Dean Peters, USN 
Naval Air Warfare Center, Aircraft Division 

Patuxent River, MD 

Summary 

Combat Search and Rescue (CSAR) helicopter pilots routinely 
utilize Niqht Vision Goggles to enhance visual capabilities 
SurinaniSht operations.  The Aviator's Night Vision Imaging 
System (ANVIS^Head-Up Display (HUD) .recently tested on the 
HH-60H Seahawk, provides the capability to display critical 
rUqht parameter? to the pilots via goggle-mounted display units, 
tnuf minimizing head-down time in the cockpit  As more anymore 
Naval helicopter missions diversify to include CSAR and CSAR 
support devices which effectively enhance night mission 
performance should be made available to the mission pilots_This 
paper describes the developmental testing results of the ANVIS 
mm avstem and critically analyzes its advantages and limitations 
Sr Se in Naval helicopters.  In addition, ANVIS HUD symbology 
Is examined from a human factors perspective with recommendations 

for symbology design and placement. 
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Introduction \ .- 

Since the early 1970 ■ s NASA and n^f ^B^Ä^up 
been investigating the ^^^Ä^or-B Night Vision 
displays in rotary wing aircratt   i system wherein 
Imaging System (ANVIS) Head-Up Display ^HUD^       y.^ ^ Qne 
symbology is projected from an^pticade ^.^     es (NVQs) 

monocular lens of a pair ot J^vli? ° critical flight parameters m 
to provide the pilot with real ^e critical   g  P

aircraft/ 

a head-up fas-hion.  Unl^! *f ^^Milty to look off• axis while 
the ANVIS HUD makes available the aointy 
viewing the displayed symbology. 

The AVS-7 ANVIS HUD, ^^^^äi^t^tSLirS«. 
was recently installed in an ^I^f ^sl *n the Combat MD, in October 1993  and was galuated^for^      t ( 

Search and Rescue  CSAR) ana £Pec  utilizing or currently 
missions.  Other military   tf ™:fr   ^JU and CH-53; the 

sre& s.ra ^?S^^^s s2CH- 
^ineerfn/teSt  -sStf ana^nes^e use of »«8 HOBS  in 
Naval  helicopters. 

HH-60H Description 
is The HH-60H seahawk manufactured by Sikorsky^ircraft, J. 

an extensively modified derivat^J °fc£«0^ ° the SH-60F 
helicopter.  Some of ^ najor jodifwaüo     mission equipment 
airframe include: removal of a^°^eJ

nCt
instaiiation of the 

to provide room for cargo and Personnel, ins       compatible 
Hover infrared. Suppression System ^IRSS^ and a       P 
cockpit; reconfiguration for^r^aft^urvi^ ^ y^ cabin; ^ 

instiila?ionPofa^Satfllitfcommunications (SATCOM) radio system. 

The HH-60H aircraft avionics center «^«£^-^_STD- 
Tactical Data System, which is tied to a dual reau g 
I553B data bus.  The aircraft has partially coniig    ^^ 
cockpit» in that each pilot has a flat P^te       * possible 
the attitude indicators which make availably    ^ 
displays, ^reliable by Pusn Key navaid selection 
functions such as radxo eelection  monitoring are acComplished 

XiSc^SSSy Si"'^'^ located on the center c°nS 

HH-60H Mission Description 

The primary missions of the HH-60H are Combat Search^ ^ 
Reseue   (CSAR)   and Sp --^^^Ät ^capable of .both 
unop^era„aSippose^orfaltitude insertion and extraotron of 
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Special Warfare  Personnel  and ^^££^£?%ZL»** 

Ssicn requires °P"|^°^ parity at night.using NVGs 

c^Abse^^^ 

Itilf deÄipboard land^gs  and Precxsron ^g 

overwater and overland. All or proficiency in the use 
significant head-out-of-cockpit, tu* ao£ompliBhment of the 
of NVGs is considered essential 
mission 

AVS-7 Description 

S? lelt'or r?ght objective lens * *£>*£££ the .jpbology 

bekrön ^jsfzsp« j* .tg.ss.-irsss* 
?w witha see-through central d8" display Lambert 

?ä0tdi:playa=en vary  |n brightness^» 0^0 ^ 
iw)     adjustable  in 32  seep  ■""-., d independently iecUtcer display -des are -ilable^^ defined by 

SlnHSectiLI fro, a master symbology menu. 
„   rnf  the ANVIS HUD  system 

The SDC is the central  controller or  cn ducer voltage 
*nd senSes  avionics  information bY ^^L-ITS 1553B data bus. 
Svels anl monitoring if °™a^ °n the MIL ^ the ^ 

5t^xSSi2'»tror15t0aS designed t£ minimize display 

■     j  «f  an oDtical unit  and a 
Each of the two °°'^V^fto the ovlrhead above each 

^•Aldf^ 
SSjLted onto the NVG o ]     t v ^ ^ side       d 

The arfL°pCroPducSe a square E£f field subtending 24  degrees 

ferifde   ^/degree diagonal FOV) . 

Other components of  the  system ^^f^pr^idee       .  . 
Control Unit   (COT), .""ich mounts  in the P gwitch/     hich is 

■?S  control  functions;   the mode  selecc'"       .   ted mounting trays 
m unteCd0onr0each °°£^ £"£l'£?£&£ to be quiefcly 
and wiring  .£|ro£'a£5ity with other HH-60H^»».     Th^ ^ 
prototypf System for the HH-SOH required approximate 

aCMqjYaiti unnaoMda« 



■„ht  was approximately 25 pounds 
install.     The total  system weight was  app ^^ hardware. 
SS a weight of  450 grams  for the n 

Sy^ology Set Design Considerations 
the mere presence 

.As was  she»jy FirhdfpiPrirraanaaHa^S 

o£ symbology^n aflight P is one te» u
e

s
s
ed

ec
C°aliy on 

S "menon whU result^Än^the otnar ^, 
symbology which "£f" ^"ov-L to significantly improve 

ra^Ä^ 
considered.      me 

Figure  1 

In the design •&£*£*££££&& SLfcoSl^ed 
symbology set    the toi n    er£ormance: 
imperative for enhance area 

,      Each symbol  in the display «r°ia
de

onaf Field of View 

roUeiXspecffifdSsjon tas>j^ÄÄ^ ~- 
rnffner^ntify^which1^ 111 necessary perrodrc 
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•  „  but are not necessarily normal scan items for 
indications, but are no     included. 
mission maneuvers, were not in 1 d 

b.  The information P-^
e^h^fffighf parameters'which 

accurate.  For this reason only those tlig  P ^ ^^ ^ f 
could be sensed and displayed ^ ^1 tim        set.. As shall 
accuracy were considered forduse in **^£      such as pltch and 
Slf ■iS'cSiS^d^i-.g.SSJily9^ these criteria. 

.     c.  symbols must be readably.and not ™^B*^
r
a symbol 

• svmbology.  Results of the testing f°££ " does not necessarily 
tSi?s own separate position in th|0f |SSle. stacked numerical 
^^tTÄf^«iSr- rea/eacn individual number. 

d.  Biology, while not n-c.-«il^$^eSr.lthftr. 
aircraft displays, should not r>e sig    rcumstances is 
SS mental co^i- ^^ £ ^J spent interpreting other 
equivalent to uinie 
i>4v« ^f -information. 
equivox^"" — 
bits of information Dies ui xin.~-  

.. The lee-ion of the s^olo^ «£* -h^that^ 

considered desirable m ^.^^g^1* High workload tasks which 
glaringly evident during flxght tests^   |ters simultaneously 
require monitoring of severalflign P    meters were located at 
quickly resulted in eye fatigue it    |indings have been 

k^irs^^'-^ o^2^studies of the Ap 
symbology. 

Laboratory Test Results 

c  i ,K«rarnrv evaluation was 
Approximately 85 hours °fa^

b°^f2rew Systems Integration conduced at the Lighting Lab and the Crew y^   ^     ment 
Lab at Patuxent River,  The*^ef07transmissivity loss, 
combiner and the DU, "!f ,^^ed *or  The results of the 
magnification and linear dlst°*txon.        2 and are valid for 
?ransmissivity tests are Presented ^n ^ombiner, and for the 
Doth the upper and lower elements of the     ^^ used fco 

center element, which ^PP^ £he reri lens.  In all cases, 
direct symbology into the «VG6bjective ^ available with the 
transmissivity --J-^inear distortion and magnification 

SfeftrwerfnegUgtble « 1%) • 

nain   and  R^colution 
• J  A  Tr»  v-.f» the most important Gain and resolution eons^-ed to be^the^ evaluated t 

performance PJ-^fÄ bllow ccnplete overcast) to 
luminance levels trom 

-,r»njv^ i»ni»iM\i3Anr> i\f minnoHH^H 



2.0E-3 fL (above clear night full ^f^^8^ resolution tests 
brightness level was set ^ 50. (.25 tb)      iack Q£ a 
an/was not energized ^^/^^ Sh wever, that, although 
meaningful procedure  "™|a2£g the HUD to full *

r?;9htn^S
have operationally ^likely, increasing &y        ld have 

^dverSlyParfecfed\re1g^ under most ambient ^™' ^ ^ 

. system gain was measured ^^ J ^st set^hi|^^d °f 

an integrating sphere a low ixght level detector>  The-  s,lts 
silicon detectors and a Pnoy-oc^uu * ^ in gain of 10« 

• Ire shown in figure 3 ^ .^l^ltl^Aghtness  gain better 
across the ambient f^^^f^^stern resolution was evaluated 
with the HUD above 4.0E-04 zu.     y t   t _t reticles and S producing col^t^x^- of^a^t^est^      ^ ^^ 
measuring subsequent NVD resoiu aisQ show an 
The results are P^Bented inJigure 4    ^ a^ient operating 
approximate average decrease °J ;"  .  tely constant above 4.0E- 
ranqe, with the data becoming aPPf°X^ decreased and the 
ITft.     As expected and shown th      deer .^^^ ^ h the 
resolution increased as finance leve fL>  Attaching 
gain being approximately constant below 4      ^^ 1±g^ly 

?he HUD and energizing it (for resox   ±    b th regards.  As 
decreased the performance of the optics in b ^ ^    e levels 
shown, the decrease in Sg£.™%P^inaiiiy at high luminance 
and the decrease ^^^oth being small.  It should be 
levels, with the decrease in ^     «  in without an 
noted at this point, that * ^?ion is operationally     , 
accompanying decrease « ^^^u decreases seen during the 
insignificant, ^P601^1 resolution could, however, be significant 
i-psts  The decrease m resolution ^*-inL-\   performance.  In this 
„henusing NVGs with -ry marginal opt^P«rf%lth the best 

^~f Christies o^afthe least, the jocular «th the 
sharpest focus. 

Figure 2 
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Figure 3 

Figure 4 
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Field of View and Symbol Placement 

Problem with the sy^fo^ set being clipp^-r^first ^ 

identified during ground and tiignt u«    twelve pilots who 
tne laboratory,  approximately half of the twel^.P ing at one or 
initially viewed the symbology set ^P^f1^ with Omni II 18 mm 
^ore of ?he ^-^^^"Laboratory ?ests confirmed that even at 
eye relief ANVIS-6 NVGs.  laboratory       symbology was 
IL design eye .relief o  1mm, some of th  ymo ^ ^    _  ^ 
clipped, with severe clipping occurnng^     analogy can be made 
problem is illustrated in figure 5below ^ closer 
?o viewing an object through a peep hole        ches the maximum 
the eye to the hole, the ^er tne     the more of the obDect 
obtainable field o^ew^FW ^henc^        Peep hole the 
that is visible.  L.iJce tue « j       change in size, but can oe 
superimposed symbology image does not £^9    to the lens  By 
viewed more entirely ^^"f^ltwls visible out to 29 mm when 
comparison, the entire symbol  et^was      measurement was 
using Omni HI 2!,^efLr!ng ground and flight tests.  A portion subsequently confirmed during gr       k ts protruding 
of the user ^u}atxolZTse eyeglksses  must be made aware of 
foreheads, and those who ^SJ J^ias        ^^    em 
this characteristic of the system ana       ^ to ^^ the 
general.  In practice, ^f^f^/to these facial features 
§VG eyepieces to 18 mm or less due to       ion>  The result can 
and/or normal helmet fit and^iner^ ^J HUD symbology 
be a significant loss ox ruv 
clipping. 

Figure 5 
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In addition to eye ^^-gTS^^*" F0V 

SSnocul«. are set using one adjuster ^ ^ ^ h are 
(IPD) .  Because the "»jc-rity o    centerline, one of the 
rUrfectlv symmetric about the race <-      front of an eye, 
Monoculars Sllnotbe exactly centered injr^ 
figure 6.  The ,FOV for that eyew selected for available, and-if this also happens to NVGs 
•SüD use, symbology clipping is ^e

y^dividually adjusted should 
•Incorporating monoculars that can      ^  available; effort 

SuIdTe made Ä^cen^r the jocular being used with 

Figure 6 

For the reasons noted in ^SS^S'^^  ™S 

placement should be, as much as PoBSible^ away    available for 
of the display.  This effectively reduces w±u make 
placing symbology, but J^^J^^^SSSr of users. With 
that symbology ^sele^T

f^GJ and NVGs which incorporate 
procurement of Omni III NVGs ana «       robiem will be 
individually adjustable monoculars, cm y 
lleviated. a 

Flight Tests 

The WHS HuD was evaluated during ^^^^T" 
inflight tests under ambient conditions ranging      ^ ^^ ^^ 
starlight illumination levels   (overcast^ ^ 
full moon illumination levels,     ins RNVIS-6 attachments. Counted on SPH-3C helmets with standard.ANV tolerances 

S.Ä^IS^-S^^^Sä-^ ASS',  terrain 
&Ä ^t^lnfnapÄelearth  «**,   «light,  unusual 
following     (TERF) 

:KM:WY=I I NqiAlNMqAOQ IV Q33nOOad3M 



bottom» mode; and Mode 4 as a minimum display mode.  In-all 
cSseS tSedeclutter display for each mode was programmed to 
SoJide additional information such as bearing/distance to a 
.provide aooicxona       aititude, and attitude reference lines. 
^^his'regard? ?he declutter modes could more accurately be 
called alternate display modes. 

TT1 CTeneral  the use of the ANVIS HUD during all flight 
reaimes 2i?Ser iideS or did not significantly change the pilot's 
Itllitv to  Perform mission tasks.  To initially determine this, 
one pilot completed the tasks entirely using an outside scan, 
while a safety pilot monitored the normal in-cockpit gauges 
SSring the course of the evaluation, several deficiencies were 
diScSvered and corrected through hardware and software 
modifTca?ions.  The following paragraphs ^^fcentrate on 
those characteristics deemed enhancing and those deficiencies 
which are rtill outstanding and warrant technical consideration. 

F.nhancJng characteristics 

The ability to receive correct critical flight information 
in a Sad-uP manne? is, in itself, an enhancing characteristic of 
tne system^significantly improves situational awareness 
dnrina fliqht maneuvers.  Because most of the displayed 
StoSation was^ obtained from the data bus, onlyone^cation 
hhp toraue display, was found to be in error, and this was easily 
corrected by using proper signal conditioning.  All information 
nScelsa?y foVlcc^lishmen/of the assigned flight -neuvers was 
available in the selectable master symbology menu.  Threat 
Section information was evaluated as particularly useful in 
head-up displays for safely and quickly accomplishing threat 
avoidance maneuvers. 

in addition, the ability to independently brighten/dim the 
displayed symbology and/or change «y^lo9Y "odes usxng the four- 
position switch on the collective was considered a very enhancing 
feature of the system.  This feature is notably useful when 
transiJioning from an inflight regime to a landing regime where a 
different symbology mode is desired.  The dimming feature can 
also be useHurin^ landing, or inflight as ambient light levels 

change. 
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S^stem^^^^1^^ itch ladder and 

angle-of-banK &g much    s  2  
s^c°™^.       tasks were 

attitude  ind^cJ^eCt  information and Prec^e
diSDlaYed 

HUD presented c°f ^""initial  difference  xn ^JP1^ ting 

^^^^^r^S^^rand n°I .time slants wnic the aircraft software.  in g        optimize 

teStin9' „  -fh the system involved the low 
toother proble. associate^th,Ufradalt^eading «hxch 

level box ground the HUD ^P    aircraft-- ^f^ces  on the 
continued to rxab.,      general, flasnxng x rLrnings or 
switch ^s

nf^^0kt an immediate response ^ »arnxng  flashing display wxllprovoken ^^ exposure to the .st^ ^ ^ ln 
cautions, ex<r®*~ _ ,-he pilot's signal recoyii  rircumstances 

Human Factors Results 

Sy^tejtLOptimization system 

features were disooveredf^ng  ^ system,s capabllftres. 

to aid the operator m op „orations, the pilot 

both an outsxde searc 
a backup to the flying P symbology 

b  For overland low work, a mxnxmum amount ^ 
-,5'v, utilized.  Torque, radalt, 9*°^ £he display should be 

should be utxi^e°:nsidered optimal.  Also, we   j indications ^re consxder  minimize dxstractxon away      x 
kept as dim as possxble      ized ith more than t    t users 
environmental cues  w       turned   very °^

g^ense of 

eiSPlf f°ixa^d^nhimp2ftineni *f™%£ %^nifregard, 
epical scan items such as descent rate. 
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improper use of the ecology was considered a hindrance to the 
safe conduct of low altitude maneuvers. 

'•     fen aSctiv! 2^El£/Si£Ä^ suffused 
iTSl-ÄÄSSTÄ. due to the limited accessrbrUt^ 

o£ the Converter ™^£n<C£Lf to^ust^ display that 
is difficult  for the non uyi y  Collective  switch was used 
only the other pilot  sees       ^he  collective landi fco 
extensively during appro|^es  to confined ar symbology)   and 
facilitate  changing the d"Play ™oae £    aircraft neared the 
to progressively dim the display as the 
ground or other obstacles. 

■n-     f^„  of  the  svstem's horizon line  and heading d.     Utilization of  the  systeuis  ^-.„-H™,    however,   reference 

precise positioning. 

..    During shipboard ^°«s *' ^^f^itch ladder 
OP^ml??fn^ifregulrec6tor^a""^^ o^thfd^lay.     In this 
Snnlr    Proper usfcl the JvlS HUD can greatly rmprove 
:t?uationalPawareneas during at-sea operation.. 

f.    The sideslip indicator   (ball)  g^^^^of" the 
"wings level«  ^^^S^^of-JrtaLSS.Sor,   and 
fiouldVconsidered^orTse'during all flight regimes and wrth 
all  display modes. 

Ph^°p  TT Upgrade 

Suring the course of -^^^riT^^ 

p^graaTof STSÄT l^^^^^LSSä 

figure  7. 
a. Stacked numerical displays do not allow readability of 

i»divl^»»^B^0f^StSL'tjf^^3i"S,Iib?.»pp«r 
rlgntncorner£shourdabe separated,  possibly as shewn m frgure 7. 

b. A minimal eye scan is desired to reduce eye fatigue 
during high workload maneuvers where several P^ame ^ ^^ 
monitored.     For instance,   durrng ^ everwater app ^^ 
the following parameters muf'^ scanned      groP ^             ^ 

clc^attitudf^Forthis' rltllnX^V and groundspeed 
PidicafionsU

should be moved lower on the drsplay. 
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c.  To reduce clutter at- i-u~  v 

•TOB.   it was discovereftnlfthf ?U?ts wl>o flew with the M!vzs almost never aMT1„J 5     .       the analog radar altit-„H«  ?    ANVIS 

include a'two-aS d°|pf «^elociK3- T Should ** upgraded to 
the aircraft's hover disnf»v™ y indication patterned after 
-erwater in , ccple^Jf ^ad-upias?ion.allOW Pil°" ^° ^« 

test pilots and'severll'iS" iU?Sde? °Lths W.   trained 
shoulftf^0? °f us« «SSrSäS*lÄSid 1^"? USed to "btain 
utiTt,» ?    , lnt° ac=°unt user opinion    w    ?*nbol°gy design 
va^if     -2s? P^formance as th|P£v dl»^-' -ln 9en«al,   should 
prone to^ am°n9 i^ividuals and £e ofte"*^-     Pilot °Pini°u 
Prone to preset notions and difficult ftlnda'rfLeW""6* 

Figure  7 



Conclusions 

The ANVIS HUD is an excellent system for facilitation of the 
Combat SAR and Special Warfare Support missions, in that, when 
used properly, it improves situational awareness in nearly all 
flight regimes, particularly those in the low altitude 
environment.  It also decreases workload and improves crew 
coordination by,allowing the pilot not at the controls to scan 
the horizon for-downed aircrew and hostile threats or obstacles, 
while maintaining a backup scan of critical flight parameters. 

The ANVIS HUD cannot, and should not be used to, facilitate 
decreased altitudes or increased airspeeds during low level, TERF 
or NOE flight.  It does not increase the pilot/ANVIS system's 
ability to see at night and in general, tends to slightly degrade 
optical performance of the NVGs.  When used improperly, the ANVIS 
HUD may detract the user from pertinent environmental cueing.  In 
this regard, proper utilization of display modes and dimming 
techniques are crucial to safe operation of the system. 

Finally, as more and more Naval helicopter missions _ _ 
diversify to include CSAR and SWS, utilization of Night Vision 
Devices will be crucial to safe task accomplishment.  Despite its 
limitations, the ANVIS HUD significantly enhances mission 
performance in this regard, and as such, should be made available 
to mission pilots. 
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